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(57) The present disclosure provides a method for
audio signal noise cancellation, an apparatus for audio
signal processing, and an electronic device. The method
includes: in response to current noise cancellation coef-
ficients being required to be updated to new noise can-
cellation coefficients, the digital signal processor calcu-
lating the new noise cancellation coefficients and writing
the new noise cancellation coefficients into an storage
module that is idle in the at least two storage modules,
and the digital signal processor sending an update re-
quest for updating the noise cancellation coefficients to
the active noise cancellation module, wherein the update
request carries position information configured to indi-
cate a position of the storage module to which the new
noise cancellation coefficients is written; and the active
noise cancellation module reading the new noise cancel-
lation coefficients in the storage module indicated by the
position information based on the position information
carried in the update request, and performing noise can-
cellation processing according to the new noise cancel-
lation coefficients after a current noise cancellation
processing cycle ends.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to the field of au-
dio signal processing technologies, in particular to a
method for audio signal noise cancellation, an apparatus
for audio signal processing, and an electronic device.

BACKGROUND

[0002] Active noise cancellation (ANC) has been wide-
ly used in electronic products such as wired headphones,
true wireless stereo (TWS) headphones, even automo-
tive sound systems, which brings consumers an increas-
ingly extreme acoustic experience. A basic working prin-
ciple of the active noise cancellation is that a noise can-
cellation microphone obtains noise of the external envi-
ronment as a reference signal to input into a noise can-
cellation circuit, and the noise cancellation circuit produc-
es a signal of equal frequency and amplitude and oppo-
site phase to the reference signal to cancel the noise.
Compared with analog ANC, digital ANC has the advan-
tages of strong stability, good flexibility and higher yield.
Therefore, it is future development direction to use digital
chips for realizing ANC noise cancellation processing.
[0003] In an ANC system, i.e., an audio output device
with ANC function, ambient noise characteristics often
change. In order to keep the best noise cancellation effect
of ANC at all times, the ANC system constantly adjusts
filter coefficients of each filter in the system to realize
adaptive ANC. A simple method to update coefficients is
to turn the ANC off each time the coefficients are being
updated, and then turn the ANC back on after all the
coefficients are updated. If the update time is short, with
respect to such an update method, it is difficult for the
user to perceive that the noise cancellation is interrupted,
which does not affect the user experience. However,
when more coefficients are required to be updated or a
system bus is busy, the update time may be longer, and
restarting the ANC may affect the user experience. An-
other method is to dynamically update the coefficients
without turning off the ANC, but the coefficients are easily
mixed before and after the update, thus causing the noise
and affecting the user’s auditory perception.

SUMMARY

[0004] Some embodiments of the present disclosure
are intended to provide a method for audio signal noise
cancellation, an apparatus for audio signal processing,
and an electronic device, which improve integrity of co-
efficient update when the coefficient update is performed
without turning off active noise cancellation, avoid noise
caused by the coefficient update, improve effect of the
active noise cancellation, and improve user’s auditory
perception.
[0005] Some embodiments of the present disclosure

provide a method for audio signal noise cancellation, ap-
plied at an apparatus for audio signal processing, where-
in the apparatus for audio signal processing includes a
digital signal processor, an active noise cancellation
module and at least two storage modules, and the meth-
od includes: in response to current noise cancellation
coefficients being required to be updated to new noise
cancellation coefficients, the digital signal processor cal-
culating the new noise cancellation coefficients and writ-
ing the new noise cancellation coefficients into an storage
module that is idle in the at least two storage modules,
and the digital signal processor sending an update re-
quest for updating the noise cancellation coefficients to
the active noise cancellation module, wherein the update
request carries position information configured to indi-
cate a position of the storage module to which the new
noise cancellation coefficients is written; and the active
noise cancellation module reading the new noise cancel-
lation coefficients in the storage module indicated by the
position information based on the position information
carried in the update request, and performing noise can-
cellation processing according to the new noise cancel-
lation coefficients after a current noise cancellation
processing cycle ends.
[0006] Some embodiments of the present disclosure
further provide an apparatus audio signal processing,
comprising: a digital signal processor, an active noise
cancellation module and at least two storage modules;
wherein in response to current noise cancellation coeffi-
cients being required to be updated to new noise cancel-
lation coefficients, the digital signal processor is config-
ured to calculate the new noise cancellation coefficients,
write the new noise cancellation coefficients into an stor-
age module that is idle in the at least two storage mod-
ules, and send an update request for updating the noise
cancellation coefficients to the active noise cancellation
module, wherein the update request carries position in-
formation configured to indicate a position of the storage
module to which the new noise cancellation coefficients
is written; and the active noise cancellation module is
configured to read the new noise cancellation coefficients
in the storage module indicated by the position informa-
tion based on the position information carried in the up-
date request, and perform noise cancellation processing
according to the new noise cancellation coefficients after
a current noise cancellation processing cycle ends.
[0007] Some embodiments of the present disclosure
further provide an electronic device, comprising: an ap-
paratus for audio signal collection and the apparatus for
audio signal processing according to the above second
aspect, wherein the apparatus for audio signal process-
ing is configured to perform noise cancellation process-
ing on audio signals collected by the apparatus for audio
signal collection.
[0008] Compared with the existing technology, in the
embodiments of the present disclosure, in response to
current noise cancellation coefficients being required to
be updated to new noise cancellation coefficients without
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turning off the active noise cancellation module, the dig-
ital signal processor calculates the new noise cancella-
tion coefficients and writes the new noise cancellation
coefficients into an storage module that is idle in the at
least two storage modules, and the digital signal proces-
sor sends an update request for updating the noise can-
cellation coefficients to the active noise cancellation mod-
ule. The update request carries position information con-
figured to indicate a position of the storage module to
which the new noise cancellation coefficients is written.
Then, the active noise cancellation module reads the new
noise cancellation coefficients in the storage module in-
dicated by the position information based on the position
information carried in the update request, and performs
noise cancellation processing according to the new noise
cancellation coefficients after a current noise cancella-
tion processing cycle ends. In the solution of the present
disclosure, the active noise cancellation module does not
immediately update the coefficients used in a process of
the noise cancellation processing after receiving the up-
date request, but selects the end of the current noise
cancellation processing cycle as a timing for updating
the old coefficients to new coefficients in the noise can-
cellation processing, so as to ensure that the noise can-
cellation processing may still be performed in the current
noise cancellation processing cycle based on the noise
cancellation coefficients before the update as a whole,
and the noise cancellation processing may be performed
in the subsequent noise cancellation processing cycle
based on updated noise cancellation coefficients as a
whole, thereby improving integrity of noise cancellation
coefficient update, avoiding noise caused by the noise
cancellation coefficient update, and improving user’s au-
ditory perception.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] One or more embodiments are described as ex-
amples with reference to the corresponding figures in the
accompanying drawings, and the examples do not con-
stitute a limitation to the embodiments. Elements with the
same reference numerals in the accompanying drawings
represent similar elements. The figures in the accompa-
nying drawings do not constitute a proportion limitation
unless otherwise stated.

FIG. 1 is a specific structure diagram of a basic data
path of typical digital ANC in the existing technology;
FIG. 2 is a schematic structural diagram of a trans-
posed direct type II biquad filter in the existing tech-
nology;
FIG. 3 is a flowchart of a method for audio noise
cancellation in an embodiment of the present disclo-
sure;
FIG. 4 is an architectural diagram of an apparatus
for audio signal processing in an embodiment;
FIG. 5 is a flowchart of a method for audio noise
cancellation in an embodiment;

FIG. 6a is a distribution diagram of storage positions
of noise cancellation coefficients in an embodiment;
FIG. 6b is a scene graph of noise cancellation coef-
ficient update of an ANC module in an embodiment;
FIG. 7 is a flowchart of a method for audio noise
cancellation in an embodiment;
FIG. 8a is a distribution diagram of storage positions
of noise cancellation coefficients in an embodiment;
FIG. 8b is a scene graph of noise cancellation coef-
ficient update of an ANC module in an embodiment;
FIG. 9 is a flowchart of a method for audio noise
cancellation in an embodiment;
FIG. 10a is a distribution diagram of storage posi-
tions of noise cancellation coefficients in an embod-
iment;
FIG. 10b is a scene graph of noise cancellation co-
efficient update of an ANC module in an embodi-
ment;
FIG. 11 is an architectural diagram of an apparatus
for audio signal processing in an embodiment;
FIG. 12 is a flowchart of a method for audio noise
cancellation in an embodiment; and
FIG. 13 is a schematic structural diagram of an ap-
paratus for audio noise cancellation in an embodi-
ment.

DETAILED DESCRIPTION

[0010] In order to make objectives, technical solutions
and advantages of the present disclosure clearer, em-
bodiments of the present disclosure will be described be-
low in detail with reference to accompanying drawings
and embodiments. It should be understood that, in vari-
ous embodiments, many technical details are proposed
for the reader to better understand the present disclo-
sure. However, the technical solutions claimed in the
present disclosure may be realized even without these
technical details and various changes and modifications
based on the following embodiments. The following em-
bodiments are divided for convenience of description,
and shall not constitute any limitation on specific imple-
mentations of the present disclosure. The embodiments
may be referenced to each other and combined with each
other without contradiction.
[0011] In a hardware system of complex active noise
cancellation, with respect to one audio sampling data, an
active noise cancellation module usually takes a noise
cancellation processing cycle as a period in which the
audio sampling data is input into the active noise cancel-
lation module and the noise cancellation module per-
forms all noise cancellation processing on the audio sam-
pling data to finally output audio data after noise cancel-
lation. The active noise cancellation module starts active
noise cancellation processing of a next audio sampling
data after the active noise cancellation processing per-
formed on the audio sampling data is completed and cor-
responding audio data after noise cancellation is output.
[0012] The active noise cancellation module mainly in-
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cludes various filters. In one noise cancellation process-
ing cycle, the active noise cancellation module reads,
along with a processing phase where the audio sampling
data is, coefficients (collectively referred to as "noise can-
cellation coefficients") of filters required for the process-
ing phase from a storage module to complete processing
operations in this processing phase. Because a running
environment of the active noise cancellation module is
changeable, it is necessary to update the noise cancel-
lation coefficient of the active noise cancellation module
so as to achieve the best noise cancellation effect.
[0013] The active noise cancellation (ANC) module is
a noise cancellation module commonly used for noise
cancellation of audio data. FIG. 1 is a basic data path of
a typical digital ANC module. Data (ref_mic_in) of a ref-
erence microphone in the data path is processed through
a filter chain and is added to input audio data (music_in)
to form a feedforward path. Data (err_mic_in) of an error
microphone and output audio data (music_out) are proc-
essed through another filter chain and are added to
music_in to form a feedback path.
[0014] In the filter chains shown in FIG. 1, a finite im-
pulse response (FIR) filter and an infinite impulse re-
sponse (IIR) filter are widely used. A biquad filter is one
of the most commonly used IIR filters, which has variously
different structures. FIG. 2 is a structure diagram of a
transposed direct type II biquad filter in the existing tech-
nology, which is suitable for hardware implementation.
A higher-level filter may be constructed by using the bi-
quad filter as a basic unit to meet complex requirements
on audio control.
[0015] In an ANC system, i.e., an audio output device
with ANC function, it is necessary to adjust the filter co-
efficients in the ANC module continuously through soft-
ware algorithm to realize adaptive ANC in order to keep
the best noise cancellation effect at all times because
ambient noise characteristics often change. Due to a re-
cursive property of the IIR filter in the filter chain, dynamic
update of filter coefficients without turning off the active
noise cancellation is unable to guarantee the integrity of
the update, so that the filter coefficients before and after
the update are mixed simultaneously, thus causing noise
and affecting user’s auditory perception.
[0016] Taking the biquad filter shown in FIG. 2 as an
example, five noise cancellation coefficients (b1, b2, b3,
a1, a2) included in the filter are a whole, which need to
be synchronously updated in a certain noise cancellation
processing cycle to prevent occurrence of an undeter-
mined intermediate operation state. However, it is difficult
to ensure that each of the filters in the active noise can-
cellation module completes overall update of all the noise
cancellation coefficients within one noise cancellation
processing cycle by taking a "storing" action, i.e., storing
updated noise cancellation coefficients into the storage
module through the software algorithm, as a timing for
updating the noise cancellation coefficients in the active
noise cancellation module. For example, the five noise
cancellation coefficients used for the operation of the bi-

quad filter in FIG. 2 are a whole. If the timing at which
the software algorithm stores the updated noise cancel-
lation coefficients does not match the timing at which the
filter reads the noise cancellation coefficients, it may eas-
ily occur that b1, b2 and b3 are the noise cancellation
coefficients before the update while a1 and a2 are the
noise cancellation coefficients after the update in one
noise cancellation processing cycle, i.e., two sets of new
and old noise cancellation coefficients are used at the
same time in one noise cancellation processing cycle,
which causes an incorrect output result of the current
noise cancellation processing cycle, thereby causing
noise and poor auditory experience of the user. There-
fore, a solution is urgently needed so that the noise can-
cellation coefficients of the active noise cancellation mod-
ule are updated synchronously in one noise cancellation
processing cycle without turning off the active noise can-
cellation module, and complexity of the system is not
increased obviously.
[0017] An apparatus for audio signal processing is con-
structed by combining the active noise cancellation mod-
ule and the software algorithm. The apparatus for audio
signal processing includes a digital signal processor, the
active noise cancellation module and at least two storage
modules. The software algorithm may be instantiated as
the digital signal processor configured to determine
whether the noise cancellation coefficients of the active
noise cancellation module need to be updated. If the
noise cancellation coefficients of the active noise cancel-
lation module need to be updated, new noise cancellation
coefficients being generated are written into the storage
module, and an update request is initiated to the active
noise cancellation module. The active noise cancellation
module reads the updated new noise cancellation coef-
ficients from the storage module based on the update
request, and selects an appropriate time to perform the
noise cancellation processing using the updated noise
cancellation coefficients, so as to ensure that all the noise
cancellation coefficients are updated in one noise can-
cellation processing cycle.
[0018] In an embodiment, the method for audio signal
noise cancellation shown in FIG. 3, applied at the appa-
ratus for audio signal processing described above, which
includes the following steps.
[0019] In step 301, in response to current noise can-
cellation coefficients being required to be updated to new
noise cancellation coefficients, the digital signal proces-
sor calculates the new noise cancellation coefficients and
writes the new noise cancellation coefficients into a stor-
age module that is idle in the at least two storage mod-
ules.
[0020] For example, in an architecture of the apparatus
for audio signal processing shown in FIG. 4, on the one
hand, the digital signal processor is responsible for run-
ning audio preprocessing algorithm, and sending decod-
ed audio data (audio sampling data to be processed) to
the ANC module through a bus for operation, so as to
implement noise cancellation processing. On the other
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hand, in a process of performing the noise cancellation
processing by the ANC module, the digital signal proc-
essor reads intermediate data calculated by the ANC
module, monitors change of the ambient noise through
the intermediate data in real time, and executes preset
algorithm on changed data to determine whether to up-
date the noise cancellation coefficients of the ANC mod-
ule. That is, the digital signal processor automatically de-
termines whether to update the current noise cancellation
coefficients to the new noise cancellation coefficients ac-
cording to the ambient noise of the apparatus for audio
signal processing. When update of the noise cancellation
coefficients is required, the digital signal processor first
calculates new noise cancellation coefficients of the ANC
module (called as "new noise cancellation coefficients").
The new noise cancellation coefficients have at least one
coefficient different from a set of noise cancellation co-
efficients before the update.
[0021] In this embodiment, the audio preprocessing al-
gorithm used by the digital signal processor to decode
and generate the audio data, the preset algorithm used
to determine whether to update the noise cancellation
coefficients of the ANC module, and the algorithm used
to calculate the new noise cancellation coefficients are
not respectively limited, and those skilled in the art may
use existing algorithms to complete the above calculation
process.
[0022] The digital signal processor writes the calculat-
ed new noise cancellation coefficients to the idle storage
module in the at least two storage units through the bus.
Here, the so-called "idle storage module" refers generally
to a storage module currently in a "writable" state. When
a granularity of a "read-write" operation for the storage
module is a storage unit (one storage module may include
a plurality of storage units), the storage module in the
"writable" state may also refer to a storage unit in the
"writable" state. For example, as shown in FIG. 4, a stor-
age module 0 is in a "readable" state and a storage mod-
ule 1 is in the "writable" state currently, the digital signal
processor may write new noise cancellation coefficients
into the storage module 1. Specifically, in this embodi-
ment, the storage module in the "readable" state is a
storage module or storage unit where the noise cancel-
lation coefficients used in the current noise cancellation
processing cycle are, and other storage modules or stor-
age units except these storage modules or storage units
may be considered to be in the "writable" state, i.e., the
idle storage module.
[0023] Considering that the storage module has limited
resources, when the updated noise cancellation coeffi-
cients are written into the storage module, positions in
the storage module where the noise cancellation coeffi-
cients used in a historical noise cancellation processing
cycle farthest from the current noise cancellation
processing cycle are may be selected for overwriting, or
only coefficients in the updated noise cancellation coef-
ficients which are changed from the noise cancellation
coefficients before the update may be written into the idle

storage module. It should be understood that differences
between the noise cancellation coefficients before and
after the update may be large when ambient noise char-
acteristics change greatly. In order to ensure that no
noise generated in the coefficient update process, a plu-
rality of sets of transition noise cancellation coefficients
may be generated between the noise cancellation coef-
ficients before and after the update by means of interpo-
lation, and then the plurality of sets of transition coeffi-
cients and the new noise cancellation coefficients are
written into the idle storage module stepwise to increase
smoothness of the noise cancellation coefficient update.
[0024] In this scenario, the bus is configured to connect
the digital signal processor, the storage modules, and
the ANC module and be responsible for data communi-
cation between these modules. Devices on the bus follow
the same protocols and standards and send and receive
data according to certain priorities. Conventional bus pro-
tocols are advanced microcontroller bus architecture
(AMBA) on-chip bus protocol and the like.
[0025] In addition, in this scenario, a plurality of storage
modules may be provided, and each storage module may
be configured to cache a set of noise cancellation coef-
ficients used in one noise cancellation processing cycle.
For example, as shown in FIG. 4, two sets of noise can-
cellation coefficients before and after the update may be
in different storage modules. When an ANC module
reads a certain storage module, the digital signal proc-
essor is unable to modify contents of the storage module
and only able to write an updated set of noise cancellation
coefficients into the idle storage module. When the writ-
ing of one set of noise cancellation coefficients is com-
pleted, objects of the two storage modules being read
and written are changed. In this way, the integrity and
synchronicity of each coefficient update are ensured. In
consideration of power consumption and cost, a register
group or a single port random access memory (RAM)
may be selected to implement the storage module.
[0026] In step 302, the digital signal processor sends
an update request for updating the noise cancellation
coefficients to the active noise cancellation module, and
the update request carries position information config-
ured to indicate positions where the new noise cancella-
tion coefficients are written into the storage module.
[0027] After the new noise cancellation coefficients are
written into the storage module, the digital signal proc-
essor sends the update request to the ANC module. The
update request carries the position information config-
ured to indicate the positions where the new noise can-
cellation coefficients are written into the storage module.
This embodiment does not limit the content and form of
the position information and the manner of indicating the
positions where the new noise cancellation coefficients
are written into the storage module by the position infor-
mation. For example, the position information may be a
specific storage address of a new noise cancellation co-
efficient in each storage module, or may be an identifi-
cation corresponding to the specific storage address,
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such as a storage module identification, a storage unit
identification, and the like.
[0028] In step 303, the active noise cancellation mod-
ule reads the new noise cancellation coefficients in the
storage module indicated by the position information
based on the position information carried in the update
request.
[0029] For example, if the position information carried
in the update request is a storage address in the storage
module, the ANC module may directly read the updated
noise cancellation coefficient from the storage address.
If the position information carried in the update request
is an identification corresponding to the storage address,
such as a storage module identification, a storage unit
identification, and the like, the ANC module may read the
updated noise cancellation coefficient from the storage
address in the storage module or in the storage unit cor-
responding to the identification.
[0030] In step 304, the active noise cancellation mod-
ule performs noise cancellation processing according to
the new noise cancellation coefficients after a current
noise cancellation processing cycle ends.
[0031] The noise cancellation processing cycle of the
active noise cancellation module with respect to one au-
dio sampling data is a period in which the audio sampling
data is input into the active noise cancellation module
and the noise cancellation module performs all noise can-
cellation processing on the audio sampling data to finally
output audio data after the noise cancellation. The active
noise cancellation module starts active noise cancella-
tion processing of a next audio sampling data after the
active noise cancellation processing performed on the
audio sampling data is completed and corresponding au-
dio data after the noise cancellation is output. The ANC
module is configured to receive an audio data stream
sent by the digital signal processor, collect noise data
such as ref mic_in and err mic_in data from an environ-
ment as audio sampling data, perform digital filtering
processing on the audio sampling data, and output audio
data on which the noise cancellation is performed to drive
a next-stage circuit. During performing the noise cancel-
lation processing, the ANC module continues to complete
the noise cancellation processing of the current noise
cancellation processing cycle based on the current noise
cancellation coefficients after receiving the update re-
quest sent by the digital signal processor. When the cur-
rent noise cancellation processing cycle ends and a next
noise cancellation processing cycle starts, the ANC mod-
ule acquires updated noise cancellation coefficients from
the storage module indicated by the position information
carried in the update request according to the position
information, and continues the subsequent noise cancel-
lation processing based on the updated noise cancella-
tion coefficients. The ANC module completes overall up-
date of all the noise cancellation coefficients in one noise
cancellation processing cycle by selecting a time node
at which the current noise cancellation processing cycle
ends and the next noise cancellation processing period

starts as a timing to update the noise cancellation coef-
ficients.
[0032] As shown in the above example, in the method
for audio signal noise cancellation provided in the present
disclosure, in response to current noise cancellation co-
efficients being required to be updated to new noise can-
cellation coefficients without turning off the active noise
cancellation module, the digital signal processor calcu-
lates the new noise cancellation coefficients and writes
the new noise cancellation coefficients into an storage
module that is idle in the at least two storage modules,
and the digital signal processor sends an update request
for updating the noise cancellation coefficients to the ac-
tive noise cancellation module. The update request car-
ries position information configured to indicate a position
of the storage module to which the new noise cancellation
coefficients is written. Then, the active noise cancellation
module reads the new noise cancellation coefficients in
the storage module indicated by the position information
based on the position information carried in the update
request, and performs noise cancellation processing ac-
cording to the new noise cancellation coefficients after a
current noise cancellation processing cycle ends. In the
solution of the present disclosure, the active noise can-
cellation module does not immediately update the coef-
ficients used in a process of the noise cancellation
processing after receiving the update request, but selects
the end of the current noise cancellation processing cycle
as a timing for updating the old coefficients to new coef-
ficients in the noise cancellation processing, so as to en-
sure that the noise cancellation processing may still be
performed in the current noise cancellation processing
cycle based on the noise cancellation coefficients before
the update as a whole, and the noise cancellation
processing may be performed in the subsequent noise
cancellation processing cycle based on updated noise
cancellation coefficients as a whole, thereby improving
integrity of noise cancellation coefficient update, avoiding
noise caused by the noise cancellation coefficient up-
date, and improving user’s auditory perception.
[0033] In the following three embodiments, three spe-
cific implementations in which the digital signal processor
writes the calculated new noise cancellation coefficients
into an idle storage module in the at least two storage
modules, the digital signal processor correspondingly
generates the update request, and the active noise can-
cellation module reads the updated noise cancellation
coefficients according to the update request are respec-
tively provided.
[0034] In a method for audio signal noise cancellation
shown in an embodiment, all the new noise cancellation
coefficients are written into the idle storage module. As
shown in FIG. 5, on the basis of the method embodiment
shown in FIG. 3, the at least two storage modules include
two storage modules. The current noise cancellation co-
efficients are written into one of the two storage modules.
Accordingly, step 301 specifically includes the following
sub-steps.
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[0035] In sub-step 3011, in response to current noise
cancellation coefficients being required to be updated to
new noise cancellation coefficients, the digital signal
processor calculates the new noise cancellation coeffi-
cients and writes the new noise cancellation coefficients
into the other of the two storage modules.
[0036] The position information carried in the update
request includes a module identification of the other of
the two storage modules.
[0037] Specifically, the new noise cancellation coeffi-
cients calculated by the digital signal processor may be
expressed as [a2, b2, c2, d2], and the noise cancellation
coefficients before the update (i.e., noise cancellation co-
efficients used in the current noise cancellation process-
ing cycle) may be expressed as [a1, b1, c1, d1], where
a1 and a2, b1 and b2, c1 and c2, d1 and d2 are noise
cancellation coefficients which respectively correspond
to noise cancellation coefficients a, b, c, d before and
after the update. All the noise cancellation coefficients
before the update have been written into one of the two
storage modules. The digital signal processor directly
writes updated noise cancellation coefficients into the
other of the two storage modules after generating the
updated noise cancellation coefficient.
[0038] For example, in combination with a distribution
diagram of storage positions of the noise cancellation
coefficients shown in FIG. 6a and a scene graph of noise
cancellation coefficient update of the ANC module shown
in FIG. 6b, an array of the noise cancellation coefficients
is represented as [a, b, c, d]. During an update of the
noise cancellation coefficients, the noise cancellation co-
efficients before the update are stored in a storage mod-
ule 0 and represented as [0, 0, 0, 0]. Assuming that the
updated noise cancellation coefficients are [1, 1, 1, 1],
the digital signal processor may directly store the updated
noise cancellation coefficients [1, 1, 1, 1] in a storage
module 1. Then, the storage module 0 is set to the wri-
table state and the storage module 1 is set to the readable
state to, so that the ANC module is able to update noise
cancellation coefficients used in the subsequent noise
cancellation processing cycle.
[0039] Accordingly, on the basis of the sub-step 3011,
as shown in FIG. 5, the step 303 may specifically include
the following sub-steps.
[0040] In sub-step 3031, the active noise cancellation
module reads the new noise cancellation coefficients in
the other of the two storage modules based on a module
identification of the other of the two storage modules car-
ried in the update request.
[0041] In this example, all the updated noise cancella-
tion coefficients are written into the other storage module
different from the storage module where the current noise
cancellation coefficients are, so that it is convenient to
perform a write operation on all the updated noise can-
cellation coefficients quickly.
[0042] In a method for audio signal noise cancellation
shown in another embodiment, the new noise cancella-
tion coefficients are partially written to an idle storage

module. As shown in FIG. 7, on the basis of the method
embodiment shown in FIG. 3, the at least two storage
modules include two storage modules, each storage
module is divided into at least two storage units, and the
at least two storage units in one of the two storage mod-
ules are in one-to-one correspondences with the at least
two storage units in the other of the two storage modules.
The current noise cancellation coefficients are written in-
to the one of the two storage modules. Accordingly, step
301 specifically includes the following sub-steps.
[0043] In sub-step 3012, in response to current noise
cancellation coefficients being required to be updated to
new noise cancellation coefficients, the digital signal
processor calculates the new noise cancellation coeffi-
cients. In response to at least one noise cancellation co-
efficient in the new noise cancellation coefficients being
different from at least one noise cancellation coefficient
in the current noise cancellation coefficients which cor-
responds to the at least one noise cancellation coefficient
in the new noise cancellation coefficients, and in re-
sponse to the at least one noise cancellation coefficient
in the current noise cancellation coefficients existing in
at least one storage unit in the one of the two storage
modules, the at least one noise cancellation coefficient
in the new noise cancellation coefficients is acquired and
written into at least one storage unit in the other of the
two storage modules which corresponds to the at least
one storage unit in the one of the two storage modules.
[0044] The position information carried in the update
request includes at least one unit identification of the at
least one storage unit in the other of the two storage
modules which corresponds to the at least one storage
unit in the one of the two storage modules.
[0045] Specifically, the new noise cancellation coeffi-
cients calculated by the digital signal processor may be
expressed as [a2, b2, c2, d2], and the noise cancellation
coefficients before the update (i.e., noise cancellation co-
efficients used in the current noise cancellation process-
ing cycle) may be expressed as [a1, b1, c1, d1], where
a1 and a2, b1 and b2, c1 and c2, d1 and d2 are noise
cancellation coefficients which respectively correspond
to noise cancellation coefficients a, b, c, d before and
after the update. All the noise cancellation coefficients
before the update have been written into one of the two
storage modules, with a1 and b1 in the same storage
unit, and c1 and d1 in the same storage unit. The digital
signal processor compares each set of noise cancellation
coefficients before and after the update after generating
the updated noise cancellation coefficients. When it is
determined that at least one noise cancellation coefficient
in the noise cancellation coefficients before the update
is different from that in the noise cancellation coefficients
after the update, e.g., a1 is different from a2 and b1 is
different from b2, the digital signal processor first ac-
quires coefficients (a2 and b2) corresponding to the co-
efficients (i.e., a1 and b1) stored in a storage unit where
the a1 and b1 are from the new noise cancellation coef-
ficients, and then writes the corresponding coefficients

11 12 



EP 4 138 406 A1

8

5

10

15

20

25

30

35

40

45

50

55

(a2 and b2) into a storage unit in the other of the two
storage modules (i.e., the storage module in which a1
and b1 do not exist) which corresponds to the storage
unit where the a1 and b1 exist, thus reducing an amount
of data of the noise cancellation coefficients actually writ-
ten into the storage modules in the updated noise can-
cellation coefficients.
[0046] For example, in combination with a distribution
diagram of storage positions of noise cancellation coef-
ficients shown in FIG. 8a and a scene graph of noise
cancellation coefficient update of the ANC module shown
in FIG. 8b, an array of the noise cancellation coefficients
is represented as [a, b, c, d]. In the storage module 0 and
the storage module 1, storage addresses for storing a
and b are classified into one storage unit (i.e., a storage
unit 0_0 and a storage unit 1_0), and the storage unit
0_0 corresponds to storage unit 1_0. Storage addresses
for storing c and d are classified into one storage unit
(i.e., a storage unit 0_1 and a storage unit 1_1), and the
storage unit 0_1 corresponds to storage unit 1_1. During
an update of the noise cancellation coefficients, the noise
cancellation coefficients before the update are stored in
the storage module 0 and represented as [0, 0, 0, 0].
Assuming that the updated noise cancellation coeffi-
cients are [1, 1, 0, 0], and that the two noise cancellation
coefficients a and b in the updated noise cancellation
coefficients are different from those in the noise cancel-
lation coefficients before the update through comparison,
the digital signal processor may store updated noise can-
cellation coefficients 1 and 1 corresponding to the a and
b in the storage module 1 and the storage unit 1_0 con-
figured to store the noise cancellation coefficients a and
b. After the write operation is completed, the storage unit
0_0 configured to store the noise cancellation coefficients
a and b in the storage module 0 is set to the writable
state, and the storage unit 1_0 configured to store the
noise cancellation coefficients a and b in the storage
module 1 is set to the readable state. The updated new
noise cancellation coefficients include noise cancellation
coefficients c and d being 0 and 0 stored in the storage
unit 0_1 in the storage module 0 and noise cancellation
coefficients a and b being 1 and 1 stored in the storage
unit 1_0 in the storage module 1.
[0047] Accordingly, on the basis of sub-step 3012, as
shown in FIG. 7, step 303 may include the following sub-
steps.
[0048] In sub-step 3032, the active noise cancellation
module reads at least one noise cancellation coefficient
in the at least one storage unit in the other of the two
storage modules based on the at least one unit identifi-
cation of the at least one storage unit in the other of the
two storage modules carried in the update request. The
at least one storage unit in the other of the two storage
modules corresponds to the at least one storage unit in
the one of the two storage modules.
[0049] In this embodiment, when the digital signal proc-
essor writes the updated noise cancellation coefficients
into the idle storage module, the data amount of the writ-

ten new noise cancellation coefficients may be reduced
by selectively writing noise cancellation coefficients dif-
ferent from the current noise cancellation coefficients in
the updated noise cancellation coefficients into the stor-
age units in the idle storage module, thereby reducing
the occupation of transmission resources (such as bus
resources) and storage resources. Meanwhile, the ANC
module may continue to read the noise cancellation co-
efficients that are not changed before and after the up-
date from the original storage module based on the po-
sition information carried in the update request, and read
the noise cancellation coefficients that are changed be-
fore and after the update from the other storage module.
[0050] In a method for audio signal noise cancellation
shown in another embodiment, all or some of the new
noise cancellation coefficients are written into the idle
storage module. As shown in FIG. 9, on the basis of the
method embodiment shown in FIG. 7, the current noise
cancellation coefficients are written into at least one stor-
age unit in one of the two storage modules and at least
one storage unit in the other of the two storage modules.
The at least one storage unit in the other of the two stor-
age modules corresponds to remaining storage units in
the one of the two storage modules except the at least
one storage unit in the one of the two storage modules.
Correspondingly, step 301 specifically includes the fol-
lowing sub-steps.
[0051] In sub-step 3013, in response to current noise
cancellation coefficients being required to be updated to
new noise cancellation coefficients, the digital signal
processor calculates the new noise cancellation coeffi-
cients. In response to the at least one noise cancellation
coefficient in the new noise cancellation coefficients be-
ing different from the at least one noise cancellation co-
efficient in the current noise cancellation coefficients
which corresponds to the at least one noise cancellation
coefficient in the new noise cancellation coefficients, and
in response to the at least one noise cancellation coeffi-
cient in the current noise cancellation coefficients existing
in the at least one storage unit in the one of the two stor-
age modules and/or the at least one storage unit in the
other of the two storage modules, at least one first coef-
ficient corresponding to the at least one noise cancella-
tion coefficient in the at least one storage unit in the one
of the two storage modules is acquired from the new
noise cancellation coefficients, and/or, at least one sec-
ond coefficient corresponding to the at least one noise
cancellation coefficient in the at least one storage unit in
the other of the two storage modules is acquired from
the new noise cancellation coefficients, and the at least
one first coefficient is written into at least one storage
unit in the other of the two storage modules which cor-
responds to the at least one storage unit in the one of
the two storage modules, and/or, the at least one second
coefficient is written into at least one storage unit in the
one of the two storage modules which corresponds to
the at least one storage unit in the other of the two storage
modules.
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[0052] The position information carried in the update
request includes one or both of at least one unit identifi-
cation of the at least one storage unit in the other of the
two storage modules which corresponds to the at least
one storage unit in the one of the two storage modules
and at least one unit identification of the at least one
storage unit in the one of the two storage modules which
corresponds to the at least one storage unit in the other
of the two storage modules.
[0053] Specifically, the new noise cancellation coeffi-
cients calculated by the digital signal processor may be
expressed as [a2, b2, c2, d2], and the noise cancellation
coefficients before the update (i.e., noise cancellation co-
efficients used in the current noise cancellation process-
ing cycle) may be expressed as [a1, b1, c1, d1], where
a1 and a2, b1 and b2, c1 and c2, d1 and d2 are noise
cancellation coefficients which respectively correspond
to noise cancellation coefficients a, b, c, d before and
after the update. All the noise cancellation coefficients
before the update have been written into one of the two
storage modules, with a1 and b1 in the same storage
unit, c1 and d1 in the same storage unit, and these two
storage units are respectively in different storage mod-
ules. The digital signal processor compares each set of
noise cancellation coefficients before and after the up-
date after generating the updated noise cancellation co-
efficients. When it is determined that at least one noise
cancellation coefficient in the noise cancellation coeffi-
cients before the update is different from that in the noise
cancellation coefficients after the update, e.g., a1 is dif-
ferent from a2 and b1 is different from b2, c1 is different
from c2 and d1 is different from d2, or the four noise
cancellation coefficients before the update are all differ-
ent from the four noise cancellation coefficients after the
update, the digital signal processor may continue to ex-
ecute related processing steps with reference to step
3012, respectively acquire coefficients corresponding to
the coefficients stored in each of storage units where
updated and changed current noise cancellation coeffi-
cients exist from the new noise cancellation coefficients,
write the coefficients corresponding to the coefficients
stored in each of the storage units into storage units in
the other storage module different from the storage mod-
ule where each of the above storage units is. Each of the
storage units in the other storage module corresponds
to each of the above storage units.
[0054] For example, with reference to a distribution di-
agram of storage positions of noise cancellation coeffi-
cients shown in FIG. 10a and a scene graph of noise
cancellation coefficient update of the ANC module shown
in FIG. 10b, an array of the noise cancellation coefficients
is represented as [a, b, c, d]. In the storage module 0 and
the storage module 1, storage addresses for storing a
and b are classified into one storage unit (i.e., the storage
unit 0_0 and the storage unit 1_0), and the storage unit
0_0 corresponds to storage unit 1_0. Storage addresses
for storing c and d are classified into one storage unit
(i.e., the storage unit 0_1 and the storage unit 1_1), and

the storage unit 0_1 corresponds to storage unit 1_1.
During an update of the noise cancellation coefficients,
the noise cancellation coefficients before the update are
stored in the storage unit 0_0 in the storage module 0
and the storage unit 1_1 in the storage module 1 and
represented as [0, 0, 0, 0]. Assuming that the updated
noise cancellation coefficients are [1, 1, 1, 1], and that
the four noise cancellation coefficients a, b, c, and d in
the updated noise cancellation coefficients are different
from those in the noise cancellation coefficients before
the update, the digital signal processor may store the
updated noise cancellation coefficients 1 and 1 corre-
sponding to the a and b in the storage module 1 and the
storage unit 1_0 configured to store the noise cancella-
tion coefficients a and b, and store updated noise can-
cellation coefficients 1 and 1 corresponding to the c and
d in the storage module 0 and the storage unit 0_1 con-
figured to store the noise cancellation coefficients c and
d. After the write operation is completed, the storage unit
0_0 configured to store the noise cancellation coefficients
a and b in the storage module 0 is set to the writable
state, the storage unit 1_0 configured to store the noise
cancellation coefficients a and b in the storage module
1 is set to the readable state, the storage unit 0_1 con-
figured to store the noise cancellation coefficients c and
d in the storage module 0 is set to the readable state,
and the storage unit 1_1 configured to store the noise
cancellation coefficients c and d in the storage module 1
is set to the writable state. The updated new noise can-
cellation coefficients include noise cancellation coeffi-
cients c and d being 1 and 1 stored in the storage unit
0_1 in the storage module 0 and noise cancellation co-
efficients a and b being 1 and 1 stored in the storage unit
1_0 in the storage module 1.
[0055] Accordingly, on the basis of sub-step 3013, as
shown in FIG. 9, step 303 may include the following sub-
steps.
[0056] In sub-step 3033, the active noise cancellation
module reads at least one noise cancellation coefficient
corresponding to the at least one unit identification of the
at least one storage unit in the other of the two storage
modules which corresponds to the at least one storage
unit in the one of the two storage modules based on the
at least one unit identification, and/or reads at least one
noise cancellation coefficient corresponding to the at
least one unit identification of the at least one storage
unit in the one of the two storage modules which corre-
sponds to the at least one storage unit in the other of the
two storage modules.
[0057] In this embodiment, when the digital signal proc-
essor writes the updated noise cancellation coefficients
into the idle storage module, the data amount of the writ-
ten new noise cancellation coefficients may be reduced
by selectively writing noise cancellation coefficients dif-
ferent from the current noise cancellation coefficients in
the updated noise cancellation coefficients into the stor-
age units in the idle storage module, thereby reducing
the occupation of transmission resources (such as bus
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resources) and storage resources. Meanwhile, the ANC
module may continue to read the noise cancellation co-
efficients that are not changed before and after the up-
date from the original storage module based on the po-
sition information carried in the update request, and read
the noise cancellation coefficients that are changed be-
fore and after the update from the other storage module.
[0058] In any of the above method embodiments, a
plurality of transition coefficients may be generated to
achieve a smooth update of the noise cancellation coef-
ficients. As in performing any of the above method em-
bodiments, the following steps are performed.
[0059] The digital signal processor generates a plural-
ity of sets of transition coefficients based on the new noise
cancellation coefficients and the current noise cancella-
tion coefficients, and the plurality of sets of transition co-
efficients are coefficients between the new noise cancel-
lation coefficients and the current noise cancellation co-
efficients. Herein, values of the plurality of sets of transi-
tion coefficients are between values of the new noise
cancellation coefficients and values of the current noise
cancellation coefficients, and the values of the plurality
of sets of transition coefficients smoothly change from
the values of the current noise cancellation coefficients
to the values of the new noise cancellation coefficients.
[0060] Accordingly, in step 301, writing the new noise
cancellation coefficients into the storage module that is
idle in the at least two storage modules includes: writing
the plurality of sets of transition coefficients and the new
noise cancellation coefficients into the storage module
that is idle stepwise.
[0061] Accordingly, in step 304, performing the noise
cancellation processing according to the new noise can-
cellation coefficients includes: performing the noise can-
cellation processing stepwise according to the plurality
of sets of transition coefficients until noise cancellation
coefficients of the active noise cancellation module are
updated to the new noise cancellation coefficients.
[0062] In this example, the plurality of sets of transition
coefficients are generated between the new noise can-
cellation coefficients and the current noise cancellation
coefficients to achieve the smooth change from the cur-
rent noise cancellation coefficients to the new noise can-
cellation coefficients, thereby ensuring the smooth of the
audio signal after the noise cancellation output by the
active noise cancellation module during the current noise
cancellation coefficients are updated to the new noise
cancellation coefficients.
[0063] On the basis of the method embodiment shown
in FIG. 5, as shown in FIG. 11, the active noise cancel-
lation module may be two (i.e., an ANC module 0 and an
ANC module 1), one active noise cancellation module
(i.e., the ANC module 0) reads noise cancellation coef-
ficients in one of the two storage modules (i.e., the stor-
age module 0), and the other active noise cancellation
module (i.e., the ANC module 1) reads noise cancellation
coefficients in the other of the two storage modules (i.e.,
the storage module 1). Outputs of the two active noise

cancellation modules are respectively connected to two
gain control modules (i.e., a gain control module 0 and
a gain control module 1). The gain control module is con-
figured to control a gain of an output signal of the active
noise cancellation module connected to the gain control
module.
[0064] Accordingly, the step 304 may include the fol-
lowing sub-steps as shown in the method for audio signal
noise cancellation in FIG. 12.
[0065] In sub-step 3041, in a period corresponding to
previous one or more noise cancellation processing cy-
cles after the current noise cancellation processing cycle
ends, the active noise cancellation module adjusts a gain
of an output signal of the one of the two active noise
cancellation modules from 1 to 0 stepwise through a gain
control module connected to the one of the two active
noise cancellation modules, adjusts a gain of an output
signal of the other of the two active noise cancellation
modules from 0 to 1 stepwise through a gain control mod-
ule connected to the other of the two active noise can-
cellation modules, and keeps the gains of the output sig-
nals of the two active noise cancellation modules un-
changed after adjustment of the two gain control modules
is completed.
[0066] For example, in the apparatus for audio signal
processing shown in FIG. 11, the storage module 0 stores
the noise cancellation coefficients used in the current
noise cancellation processing cycle, i.e., the noise can-
cellation coefficients before the update, and the storage
module 1 stores the updated noise cancellation coeffi-
cients, i.e., the new noise cancellation coefficients. After
respectively receiving the update request sent by the dig-
ital signal processor and the current noise cancellation
processing cycle ends, the ANC module 0 and the ANC
module 1 respectively trigger the gain control units re-
spectively connected to the ANC module 0 and the ANC
module 1 to control the gains of the output signals of the
ANC module 0 and the ANC module 1.
[0067] Specifically, the gain control module 0 connect-
ed to the ANC module 0 controls the gain of the output
signal of the ANC module 0 to be gradually changed from
1 to 0, so as to achieve the same effect as "slowly turning
off the ANC module 0". At the same time, the gain control
module 1 connected to the ANC module 1 controls the
gain of the output signal of the ANC module 1 to gradually
change from 0 to 1, so as to achieve the same effect as
"slowly turning on the ANC module 1." The output signals
of the two gain control modules are superimposed as
audio signal data after the noise cancellation finally out-
put by the ANC module, thereby realizing the update of
the noise cancellation coefficients.
[0068] In this embodiment, by providing the two ANC
modules to respectively read the noise cancellation co-
efficients from the two storage modules, and adjusting
the gains of the output signals of the two ANC modules
through the two gain control modules, the update of the
noise cancellation coefficients is easily achieved, and it
is easier to implement the noise cancellation in terms of
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process and control difficulty compared with that the
same ANC module performs noise cancellation process-
ing by reading the noise cancellation coefficients from
different storage modules.
[0069] For clarity of description, the steps of the above
methods may be combined into one step or some steps
may be split into multiple sub-steps, which are within the
protection scope of the present disclosure as long as they
include the same logical relationship. Irrelevant modifi-
cations added or irrelevant designs introduced into the
algorithm or process but not changing the core design of
the algorithm and process are within the protection scope
of the present disclosure.
[0070] Some embodiments of the present disclosure
further provide an apparatus audio signal processing, as
shown in FIG. 13, the apparatus audio signal processing
includes a digital signal processor 401, an active noise
cancellation module 402 and at least two storage mod-
ules.
[0071] The digital signal processor 401 is configured
to, in response to current noise cancellation coefficients
being required to be updated to new noise cancellation
coefficients, calculate the new noise cancellation coeffi-
cients, write the new noise cancellation coefficients into
a storage module that is idle in the at least two storage
modules, and send an update request for updating the
noise cancellation coefficients to the active noise cancel-
lation module. The update request carries position infor-
mation configured to indicate positions where the new
noise cancellation coefficients are written into the storage
module.
[0072] The active noise cancellation module 402 is
configured to read the new noise cancellation coefficients
in the storage module indicated by the position informa-
tion based on the position information carried in the up-
date request, and perform noise cancellation processing
according to the new noise cancellation coefficients after
a current noise cancellation processing cycle ends.
[0073] In an example, the at least two storage modules
include two storage modules, and the current noise can-
cellation coefficients are written into one of the two stor-
age modules. The digital signal processor 401 is further
configured to write the new noise cancellation coeffi-
cients into the other of the two storage modules. The
position information carried in the update request in-
cludes a module identification of the other of the two stor-
age modules.
[0074] The active noise cancellation module 402 is
configured to read the new noise cancellation coefficients
in the other of the two storage modules based on a mod-
ule identification of the other of the two storage modules
carried in the update request.
[0075] In an example, the at least two storage modules
include two storage modules, each storage module is
divided into at least two storage units, and the at least
two storage units in one of the two storage modules are
in one-to-one correspondences with the at least two stor-
age units in the other of the two storage modules. The

current noise cancellation coefficients are written into. In
response to at least one noise cancellation coefficient in
the new noise cancellation coefficients being different
from at least one noise cancellation coefficient in the cur-
rent noise cancellation coefficients which corresponds to
the at least one noise cancellation coefficient in the new
noise cancellation coefficients, and in response to the at
least one noise cancellation coefficient in the current
noise cancellation coefficients existing in at least one
storage unit in the one of the two storage modules, the
at least one noise cancellation coefficient in the new noise
cancellation coefficients is acquired and written into at
least one storage unit in the other of the two storage
modules which corresponds to the at least one storage
unit in the one of the two storage modules.
[0076] The position information carried in the update
request includes at least one unit identification of the at
least one storage unit in the other of the two storage
modules which corresponds to the at least one storage
unit in the one of the two storage modules.
[0077] The active noise cancellation module 402 is
configured to read at least one noise cancellation coef-
ficient in the at least one storage unit in the other of the
two storage modules based on the at least one unit iden-
tification of the at least one storage unit in the other of
the two storage modules carried in the update request.
The at least one storage unit in the other of the two stor-
age modules corresponds to the at least one storage unit
in the one of the two storage modules.
[0078] In an example, the current noise cancellation
coefficients are written into at least one storage unit in
one of the two storage modules and at least one storage
unit in the other of the two storage modules. The at least
one storage unit in the other of the two storage modules
corresponds to remaining storage units in the one of the
two storage modules except the at least one storage unit
in the one of the two storage modules. The digital signal
processor module 401 is configured to performed the fol-
lowing.
[0079] In response to current noise cancellation coef-
ficients being required to be updated to new noise can-
cellation coefficients, the digital signal processor calcu-
lates the new noise cancellation coefficients. In response
to the at least one noise cancellation coefficient in the
new noise cancellation coefficients being different from
the at least one noise cancellation coefficient in the cur-
rent noise cancellation coefficients which corresponds to
the at least one noise cancellation coefficient in the new
noise cancellation coefficients, and in response to the at
least one noise cancellation coefficient in the current
noise cancellation coefficients existing in the at least one
storage unit in the one of the two storage modules and/or
the at least one storage unit in the other of the two storage
modules, at least one first coefficient corresponding to
the at least one noise cancellation coefficient in the at
least one storage unit in the one of the two storage mod-
ules is acquired from the new noise cancellation coeffi-
cients, and/or, at least one second coefficient corre-
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sponding to the at least one noise cancellation coefficient
in the at least one storage unit in the other of the two
storage modules is acquired from the new noise cancel-
lation coefficients, and the at least one first coefficient is
written into at least one storage unit in the other of the
two storage modules which corresponds to the at least
one storage unit in the one of the two storage modules,
and/or, the at least one second coefficient is written into
at least one storage unit in the one of the two storage
modules which corresponds to the at least one storage
unit in the other of the two storage modules.
[0080] The position information carried in the update
request includes one or both of at least one unit identifi-
cation of the at least one storage unit in the other of the
two storage modules which corresponds to the at least
one storage unit in the one of the two storage modules
and at least one unit identification of the at least one
storage unit in the one of the two storage modules which
corresponds to the at least one storage unit in the other
of the two storage modules.
[0081] The active noise cancellation module 402 is
configured to read at least one noise cancellation coef-
ficient corresponding to the at least one unit identification
of the at least one storage unit in the other of the two
storage modules which corresponds to the at least one
storage unit in the one of the two storage modules based
on the at least one unit identification, and/or reads at least
one noise cancellation coefficient corresponding to the
at least one unit identification of the at least one storage
unit in the one of the two storage modules which corre-
sponds to the at least one storage unit in the other of the
two storage modules.
[0082] In an example, the digital signal processor 401
is configured to generate a plurality of sets of transition
coefficients based on the new noise cancellation coeffi-
cients and the current noise cancellation coefficients, and
write the plurality of sets of transition coefficients and the
new noise cancellation coefficients into the storage mod-
ule that is idle stepwise. The plurality of sets of transition
coefficients are coefficients between the new noise can-
cellation coefficients and the current noise cancellation
coefficients.
[0083] The active noise cancellation module 402 is
configured to perform the noise cancellation processing
stepwise according to the plurality of sets of transition
coefficients until noise cancellation coefficients of the ac-
tive noise cancellation module 402 are updated to the
new noise cancellation coefficients.
[0084] In an example, two active noise cancellation
modules 402 are provided, one of the two active noise
cancellation modules 402 reads noise cancellation coef-
ficients in one of the two storage modules, and the other
of the two active noise cancellation modules 402 reads
noise cancellation coefficients in the other of the two stor-
age modules. Output terminals of the two active noise
cancellation modules 402 are respectively connected to
two gain control modules which are configured to control
gains of the output signals of the two active noise can-

cellation modules respectively connected to the two gain
control modules.
[0085] In a period corresponding to previous one or
more noise cancellation processing cycles after the cur-
rent noise cancellation processing cycle ends, a gain of
an output signal of the one of the two active noise can-
cellation modules 402 is adjusted from 1 to 0 stepwise
through a gain control module connected to the one of
the two active noise cancellation modules 402, a gain of
an output signal of the other of the two active noise can-
cellation modules 402 is adjusted from 0 to 1 stepwise
through a gain control module connected to the other of
the two active noise cancellation modules, and the gains
of the output signals of the two active noise cancellation
modules 402 are kept unchanged after adjustment of the
two gain control modules is completed.
[0086] In an example, the digital signal processor 401
is configured to automatically determine whether to up-
date the current noise cancellation coefficients to the new
noise cancellation coefficients according to the ambient
noise of the apparatus for audio signal processing.
[0087] In this example, in response to current noise
cancellation coefficients being required to be updated to
new noise cancellation coefficients without turning off the
active noise cancellation module, the digital signal proc-
essor calculates the new noise cancellation coefficients
and writes the new noise cancellation coefficients into an
storage module that is idle in the at least two storage
modules, and the digital signal processor sends an up-
date request for updating the noise cancellation coeffi-
cients to the active noise cancellation module. The up-
date request carries position information configured to
indicate a position of the storage module to which the
new noise cancellation coefficients is written. Then, the
active noise cancellation module reads the new noise
cancellation coefficients in the storage module indicated
by the position information based on the position infor-
mation carried in the update request, and performs noise
cancellation processing according to the new noise can-
cellation coefficients after a current noise cancellation
processing cycle ends. In the solution of the present dis-
closure, the active noise cancellation module does not
immediately update the coefficients used in a process of
the noise cancellation processing after receiving the up-
date request, but selects the end of the current noise
cancellation processing cycle as a timing for updating
the old coefficients to new coefficients in the noise can-
cellation processing, so as to ensure that the noise can-
cellation processing may still be performed in the current
noise cancellation processing cycle based on the noise
cancellation coefficients before the update as a whole,
and the noise cancellation processing may be performed
in the subsequent noise cancellation processing cycle
based on updated noise cancellation coefficients as a
whole, thereby improving integrity of noise cancellation
coefficient update, avoiding noise caused by the noise
cancellation coefficient update, and improving user’s au-
ditory perception.
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[0088] Some embodiments of the present disclosure
further provide an electronic device, including: an appa-
ratus for audio signal collection and the apparatus for
audio signal processing according to any of the above
embodiments. The apparatus for audio signal processing
is configured to perform noise cancellation processing
on audio signals collected by the apparatus for audio
signal collection. For example, the electronic device may
be a headphone.
[0089] Those skilled in the art should appreciate that
the embodiments described above are specific embodi-
ments for implementing the present disclosure. In prac-
tice, however, various changes may be made in the forms
and details of the specific embodiments without departing
from the spirit and scope of the present disclosure.

Claims

1. A method for audio signal noise cancellation, applied
at an apparatus for audio signal processing, wherein
the apparatus for audio signal processing comprises
a digital signal processor, an active noise cancella-
tion module and at least two storage modules, and
the method comprises:

in response to current noise cancellation coeffi-
cients being required to be updated to new noise
cancellation coefficients, the digital signal proc-
essor calculating the new noise cancellation co-
efficients and writing the new noise cancellation
coefficients into a storage module that is idle in
the at least two storage modules, and the digital
signal processor sending an update request for
updating the noise cancellation coefficients to
the active noise cancellation module, wherein
the update request carries position information
configured to indicate positions where the new
noise cancellation coefficients are written into
the storage module; and
the active noise cancellation module reading the
new noise cancellation coefficients in the stor-
age module indicated by the position information
based on the position information carried in the
update request, and performing noise cancella-
tion processing according to the new noise can-
cellation coefficients after a current noise can-
cellation processing cycle ends.

2. The method according to claim 1, wherein the at least
two storage modules include two storage modules,
and the current noise cancellation coefficients are
written into one of the two storage modules; wherein
writing the new noise cancellation coefficients into
the storage module that is idle in the at least two
storage modules comprises:

writing the new noise cancellation coefficients

into the other of the two storage modules; where-
in the position information carried in the update
request comprises a module identification of the
other of the two storage modules; and
wherein reading the new noise cancellation co-
efficients in the storage module indicated by the
position information based on the position infor-
mation carried in the update request comprises:
reading the new noise cancellation coefficients
in the other of the two storage modules based
on the module identification carried in the update
request.

3. The method according to claim 1 or claim 2, wherein
the at least two storage modules are two storage
modules, each of the two storage modules is divided
into at least two storage units, the at least two storage
units in one of the two storage modules are in one-
to-one correspondences with the at least two storage
units in the other of the two storage modules, and
the current noise cancellation coefficients are written
into the one of the two storage modules; wherein
writing the new noise cancellation coefficients into
the storage module that is idle in the at least two
storage modules comprises:

in response to at least one noise cancellation
coefficient in the new noise cancellation coeffi-
cients being different from at least one noise
cancellation coefficient in the current noise can-
cellation coefficients which corresponds to the
at least one noise cancellation coefficient in the
new noise cancellation coefficients, and in re-
sponse to the at least one noise cancellation co-
efficient in the current noise cancellation coeffi-
cients existing in at least one storage unit in the
one of the two storage modules, acquiring the
at least one noise cancellation coefficient in the
new noise cancellation coefficients, and writing
the at least one noise cancellation coefficient in
the new noise cancellation coefficients into at
least one storage unit in the other of the two
storage modules, wherein the at least one stor-
age unit in the other of the two storage modules
corresponds to the at least one storage unit in
the one of the two storage modules;
wherein the position information carried in the
update request comprises at least one unit iden-
tification of the at least one storage unit in the
other of the two storage modules; and
wherein reading the new noise cancellation co-
efficients in the storage module indicated by the
position information based on the position infor-
mation carried in the update request comprises:
reading at least one noise cancellation coeffi-
cient in the at least one storage unit in the other
of the two storage modules based on the at least
one unit identification carried in the update re-
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quest.

4. The method according to claim 3, wherein the current
noise cancellation coefficients are written into at
least one storage unit in the one of the two storage
modules and at least one storage unit in the other of
the two storage modules, wherein the at least one
storage unit in the other of the two storage modules
corresponding to remaining storage units in the one
of the two storage modules except the at least one
storage unit in the one of the two storage modules;
wherein writing the new noise cancellation coeffi-
cients into the storage module that is idle in the at
least two storage modules comprises:

in response to the at least one noise cancellation
coefficient in the new noise cancellation coeffi-
cients being different from the at least one noise
cancellation coefficient in the current noise can-
cellation coefficients which corresponds to the
at least one noise cancellation coefficient in the
new noise cancellation coefficients, and in re-
sponse to the at least one noise cancellation co-
efficient in the current noise cancellation coeffi-
cients existing in the at least one storage unit in
the one of the two storage modules and/or the
at least one storage unit in the other of the two
storage modules, acquiring at least one first co-
efficient corresponding to the at least one noise
cancellation coefficient in the at least one stor-
age unit in the one of the two storage modules
and/or at least one second coefficient corre-
sponding to the at least one noise cancellation
coefficient in the at least one storage unit in the
other of the two storage modules from the new
noise cancellation coefficients, and writing the
at least one first coefficient into at least one stor-
age unit in the other of the two storage modules
which corresponds to the at least one storage
unit in the one of the two storage modules,
and/or, writing the at least one second coeffi-
cient into at least one storage unit in the one of
the two storage modules which corresponds to
the at least one storage unit in the other of the
two storage modules;
wherein the position information carried in the
update request comprises one or both of at least
one unit identification of the at least one storage
unit in the other of the two storage modules
which corresponds to the at least one storage
unit in the one of the two storage modules and
at least one unit identification of the at least one
storage unit in the one of the two storage mod-
ules which corresponds to the at least one stor-
age unit in the other of the two storage modules;
and
wherein reading the new noise cancellation co-
efficients in the storage module indicated by the

position information based on the position infor-
mation carried in the update request comprises:
reading at least one noise cancellation coeffi-
cient corresponding to the at least one unit iden-
tification of the at least one storage unit in the
other of the two storage modules which corre-
sponds to the at least one storage unit in the one
of the two storage modules based on the at least
one unit identification, and/or reading at least
one noise cancellation coefficient correspond-
ing to the at least one unit identification of the at
least one storage unit in the one of the two stor-
age modules which corresponds to the at least
one storage unit in the other of the two storage
modules.

5. The method according to any one of claims 1 to 4,
further comprising:

the digital signal processor generating a plurality
of sets of transition coefficients based on the
new noise cancellation coefficients and the cur-
rent noise cancellation coefficients, wherein the
plurality of sets of transition coefficients are co-
efficients between the new noise cancellation
coefficients and the current noise cancellation
coefficients;
wherein writing the new noise cancellation co-
efficients into the storage module that is idle in
the at least two storage modules comprises:
writing the plurality of sets of transition coeffi-
cients and the new noise cancellation coeffi-
cients into the storage module that is idle step-
wise; and
wherein performing the noise cancellation
processing according to the new noise cancel-
lation coefficients comprises:
performing the noise cancellation processing
stepwise according to the plurality of sets of tran-
sition coefficients until noise cancellation coef-
ficients of the active noise cancellation module
are updated to the new noise cancellation coef-
ficients.

6. The method according to claim 2, wherein two active
noise cancellation modules are provided, one of the
two active noise cancellation modules reads noise
cancellation coefficients in one of the two storage
modules, and the other of the two active noise can-
cellation modules reads noise cancellation coeffi-
cients in the other of the two storage modules; where-
in output terminals of the two active noise cancella-
tion modules are respectively connected to two gain
control modules which are configured to control
gains of the output signals of the two active noise
cancellation modules respectively connected to the
two gain control modules; and
wherein performing the noise cancellation process-
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ing according to the new noise cancellation coeffi-
cients after the current noise cancellation processing
cycle ends comprises:
in a period corresponding to previous one or more
noise cancellation processing cycles after the cur-
rent noise cancellation processing cycle ends, ad-
justing a gain of an output signal of the one of the
two active noise cancellation modules from 1 to 0
stepwise through a gain control modules connected
to the one of the two active noise cancellation mod-
ules, adjusting a gain of an output signal of the other
of the two active noise cancellation modules from 0
to 1 stepwise through a gain control module connect-
ed to the other of the two active noise cancellation
modules, and keeping the gains of the output signals
of the two active noise cancellation modules un-
changed after adjustment of the two gain control
modules is completed.

7. The method according to any one of claims 1 to 6,
further comprising:
the digital signal processor automatically determin-
ing whether the current noise cancellation coeffi-
cients are required to be updated to the new noise
cancellation coefficients according to ambient noise
of the apparatus for audio signal processing.

8. An apparatus audio signal processing, comprising:
a digital signal processor, an active noise cancella-
tion module and at least two storage modules;
wherein:

in response to current noise cancellation coeffi-
cients being required to be updated to new noise
cancellation coefficients, the digital signal proc-
essor is configured to calculate the new noise
cancellation coefficients, write the new noise
cancellation coefficients into an storage module
that is idle in the at least two storage modules,
and send an update request for updating the
noise cancellation coefficients to the active
noise cancellation module, wherein the update
request carries position information configured
to indicate positions where the new noise can-
cellation coefficients are written into the storage
module; and
the active noise cancellation module is config-
ured to read the new noise cancellation coeffi-
cients in the storage module indicated by the
position information based on the position infor-
mation carried in the update request, and per-
form noise cancellation processing according to
the new noise cancellation coefficients after a
current noise cancellation processing cycle
ends.

9. The apparatus according to claim 8, wherein the at
least two storage modules include two storage mod-

ules, and the current noise cancellation coefficients
are written into one of the two storage modules;
wherein the digital signal processor is further config-
ured to:

write the new noise cancellation coefficients into
the other of the two storage modules; wherein
the position information carried in the update re-
quest comprises a module identification of the
other of the two storage modules; and
wherein the active noise cancellation module is
further configured to:
read the new noise cancellation coefficients in
the other of the two storage modules based on
the module identification carried in the update
request.

10. The apparatus according to claim 8 or claim 9,
wherein the at least two storage modules are two
storage modules, each of the two storage modules
is divided into at least two storage units, the at least
two storage units in one of the two storage modules
are in one-to-one correspondences with the at least
two storage units in the other of the two storage mod-
ules, and the current noise cancellation coefficients
are written into the one of the two storage modules;
wherein the digital signal processor is further config-
ured to:

in response to at least one noise cancellation
coefficient in the new noise cancellation coeffi-
cients being different from at least one noise
cancellation coefficient in the current noise can-
cellation coefficients which corresponds to the
at least one noise cancellation coefficient in the
new noise cancellation coefficients, and in re-
sponse to the at least one noise cancellation co-
efficient in the current noise cancellation coeffi-
cients existing in at least one storage unit in the
one of the two storage modules, acquire the at
least one noise cancellation coefficient in the
new noise cancellation coefficients, and write
the at least one noise cancellation coefficient in
the new noise cancellation coefficients into at
least one storage unit in the other of the two
storage modules, wherein the at least one stor-
age unit in the other of the two storage modules
corresponds to the at least one storage unit in
the one of the two storage modules;
wherein the position information carried in the
update request comprises at least one unit iden-
tification of the at least one storage unit in the
other of the two storage modules; and
wherein the active noise cancellation module is
further configured to:
reading at least one noise cancellation coeffi-
cient in the at least one storage unit in the other
of the two storage modules based on the at least
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one unit identification carried in the update re-
quest.

11. The apparatus according to claim 10, wherein the
current noise cancellation coefficients are written in-
to at least one storage unit in the one of the two
storage modules and at least one storage unit in the
other of the two storage modules, wherein the at least
one storage unit in the other of the two storage mod-
ules corresponding to remaining storage units in the
one of the two storage modules except the at least
one storage unit in the one of the two storage mod-
ules; wherein the digital signal processor is further
configured to:

in response to the at least one noise cancellation
coefficient in the new noise cancellation coeffi-
cients being different from the at least one noise
cancellation coefficient in the current noise can-
cellation coefficients which corresponds to the
at least one noise cancellation coefficient in the
new noise cancellation coefficients, and in re-
sponse to the at least one noise cancellation co-
efficient in the current noise cancellation coeffi-
cients existing in the at least one storage unit in
the one of the two storage modules and/or the
at least one storage unit in the other of the two
storage modules, acquire at least one first coef-
ficient corresponding to the at least one noise
cancellation coefficient in the at least one stor-
age unit in the one of the two storage modules
and/or at least one second coefficient corre-
sponding to the at least one noise cancellation
coefficient in the at least one storage unit in the
other of the two storage modules from the new
noise cancellation coefficients, and write the at
least one first coefficient into at least one storage
unit in the other of the two storage modules
which corresponds to the at least one storage
unit in the one of the two storage modules,
and/or, writing the at least one second coeffi-
cient into at least one storage unit in the one of
the two storage modules which corresponds to
the at least one storage unit in the other of the
two storage modules;
wherein the position information carried in the
update request comprises one or both of at least
one unit identification of the at least one storage
unit in the other of the two storage modules
which corresponds to the at least one storage
unit in the one of the two storage modules and
at least one unit identification of the at least one
storage unit in the one of the two storage mod-
ules which corresponds to the at least one stor-
age unit in the other of the two storage modules;
and
wherein the active noise cancellation module is
further configured to:

read at least one noise cancellation coefficient
corresponding to the at least one unit identifica-
tion of the at least one storage unit in the other
of the two storage modules which corresponds
to the at least one storage unit in the one of the
two storage modules based on the at least one
unit identification, and/or read at least one noise
cancellation coefficient corresponding to the at
least one unit identification of the at least one
storage unit in the one of the two storage mod-
ules which corresponds to the at least one stor-
age unit in the other of the two storage modules.

12. The apparatus according to any one of claims 8 to
11, wherein the digital signal processor is further
configured to generate a plurality of sets of transition
coefficients based on the new noise cancellation co-
efficients and the current noise cancellation coeffi-
cients, and write the plurality of sets of transition co-
efficients and the new noise cancellation coefficients
into the storage module that is idle stepwise, wherein
the plurality of sets of transition coefficients are co-
efficients between the new noise cancellation coef-
ficients and the current noise cancellation coeffi-
cients; and
wherein the active noise cancellation module is fur-
ther configured to:
perform the noise cancellation processing stepwise
according to the plurality of sets of transition coeffi-
cients until noise cancellation coefficients of the ac-
tive noise cancellation module are updated to the
new noise cancellation coefficients.

13. The apparatus according to claim 11, wherein two
active noise cancellation modules are provided, one
of the two active noise cancellation modules reads
noise cancellation coefficients in one of the two stor-
age modules, and the other of the two active noise
cancellation modules reads noise cancellation coef-
ficients in the other of the two storage modules;
wherein output terminals of the two active noise can-
cellation modules are respectively connected to two
gain control modules which are configured to control
gains of the output signals of the two active noise
cancellation modules respectively connected to the
two gain control modules; and wherein:
in a period corresponding to previous one or more
noise cancellation processing cycles after the cur-
rent noise cancellation processing cycle ends, a gain
of an output signal of the one of the two active noise
cancellation modules from 1 to 0 stepwise is adjusted
through a gain control modules connected to the one
of the two active noise cancellation modules, a gain
of an output signal of the other of the two active noise
cancellation modules from 0 to 1 stepwise is adjusted
through a gain control module connected to the other
of the two active noise cancellation modules, and
the gains of the output signals of the two active noise
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cancellation modules are kept unchanged after ad-
justment of the two gain control modules is complet-
ed.

14. The apparatus according to any one of claims 8 to
13, wherein the digital signal processor is further
configured to automatically determine whether the
current noise cancellation coefficients are required
to be updated to the new noise cancellation coeffi-
cients according to ambient noise of the apparatus
for audio signal processing.

15. An electronic device, comprising: an apparatus for
audio signal collection and the apparatus for audio
signal processing according to any one of claims 8
to 14, wherein the apparatus for audio signal
processing is configured to perform noise cancella-
tion processing on audio signals collected by the ap-
paratus for audio signal collection.
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